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Abstract 
In Ethiopia with the increasing of population and the scarcity of available land, most of 
the agricultural lands become construction sites. Such agricultural lands are black cotton 
soil which has high swelling and shrinkage property when exposed to changes moisture 
content and poor in shear strength, the soil should be treated or replaced by a suitable 
material to improve its mechanical property before any construction work is undertaken. 
This study reviews Expansive soil stabilization techniques using Sugar cane bagasse ash 
with lime and sugar cane molasses with cement. Bagasse ash contains large amount of 
silica which is the most important component of cement replacing material. Sample soils 
with molasses application had a relatively higher strength, lower plasticity index and 
swelling potential than the native soil. The paper discusses the engineering properties of 
expansive soil in detail and expounds some main methods of improving expansive soil 
with bagasse ash with lime and molasses with cement. A number of documents related 
with bagasse ash and molasses were reviewed and analyzed. This work focused on 
reviewing experimental papers on Sugar cane bagasse ash & molasses by observation of 
effect of bagasse ash and molasses on some geotechnical properties of black cotton soil 
which are relevant for evaluating the performance of soils. Data for this study were 
obtained by document analysis of existing literature and secondary experimental research 
papers when a small amount of lime was mixed with bagasse ash and when molasses 
mixed with cement. And comparison is made from the trials made on both experimental 
papers. A comparison between the two experimental researches was made based on the 
improved geotechnical property of the stabilized expansive soil. The finding of this study 
will indicate a suitable stabilization technique based on Setting time effect, California 
Bearing Ratio (CBR) value, Unconfined Compressive Strength value, Atterberg limit test 
and cost of the stabilizing technique. 
 
Key words: - Bagasse ash, Cement, Expansive soil, Lime, Molasses, Soil 
stabilization. 
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CHAPTER ONE 
1.1 INTRODUCTION 
1.2BACKGROUND OF THE STUDY 
Ethiopia as one of the developing countries construction projects are takes place very 
rapidly. Now a day’s cities are expanding and land become scarce, as a result agricultural 
lands became construction sites. Most of the agricultural lands are black cotton soils 
which is not suitable for construction unless it is treated or replaced by a suitable 
construction material. Expansive soils occur in many parts of the world. However, the 
problem of expansion and shrinkage is associated with high moisture changes. The large 
volume change with the seasons of wetting and drying can cause extensive damages in 
civil engineering infrastructures; mainly on small buildings, shallow foundation and other 
lightly loaded structures.  
Civil engineering projects located in areas with soft or weak soils have traditionally 
incorporated improvement of soil properties by using various methods. Soil Stabilization 
is being used for a variety of engineering works, the most common application being in 
the construction of road and pavements, where the main objective is to increase the 
strength or stability of soil and to reduce the construction cost by making best use of the 
locally available materials.(Roy, 2014). 
Traditionally & widely accepted types of soil stabilization techniques use products such 
as bitumen emulsion which can be used as a binding agents for producing a road base. 
However, bitumen is not environmentally friendly & becomes brittle when it dries out.  
Over the times, cement and lime are the two main materials used for stabilizing soils. 
These materials have rapidly increased in price due to the sharp increase in the cost of 
energy.(Roy, 2014).Thus the use of agricultural wastes (such as bagasse ash & rice husk 
ash) will considerably reduce the cost of construction and as well reducing the 
environmental hazards they causes. Bagasse is an agricultural waste obtained from 
milling of sugarcane. 
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 In Ethiopia currently with sugar production of about 300,000 tons, the bagasse ash 
potential is about 72,000 tons annually. Hence, use of bagasse ash for upgrading of soil 
should be encouraged. Meanwhile, the ash from bagasse has been categorized under 
pozzolana with about 1.78% calcium oxide (CaO), 5.78% iron oxide (Fe2O3), 1.23% 
magnesium oxide (MgO), 65.58% silicon oxide (SiO2) and 5.78% aluminum oxide 
(Al2O3
The pozzolanic property of sugarcane bagasse ash came from the silicate content of the 
ash. This silicate under goes a pozzolanic reaction with the hydration products of the 
cement and results a reduction of the free lime in the concrete (Amin, Chemical 
activation of bagasse ash in cementitious system and its impact on strength development, 
2010).The silicate content in the ash may vary from ash to ash depending on the burning 
and other properties of the raw materials like the soil on which the sugarcane is grown 
(Hailu, 2011) & (Chusilp, 2009). 
Sugar cane molasses contained some elements or compounds which are known to react 
with clay minerals and change characteristics of the soil.  
).(Hailu, 2011). The utilization of this pozzolana as a replacement for traditional 
stabilizers, such as cement and lime, will go a long way in actualizing the dreams of most 
developing countries of scouting for cheap and readily available construction materials. 
Bagasse ash has been used in concrete as a partial replacement material for cement 
(Hailu, 2011) & (Chusilp, 2009). 
The previous works with Bagasse ash (Wubshet, 2013) & (Hailu, 2011)and molasses 
(Taye, Stabilization of expansive clay soil with sugar cane molasses and cement , May, 
2015)have shown that it has a promising potential of improving the engineering 
properties of soils for stabilization purposes. Sugarcane molasses contained some 
elements or compounds which are known to react with clay minerals & change 
characteristics of the soil. 
Thus, this work focused on reviewing experimental papers on Sugar cane bagasse ash & 
molasses by observation of effect of bagasse ash and molasses on some geotechnical 
properties of black cotton soil which are relevant for evaluating the performance of soils. 
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However, the bagasse ash  can only be used as a partial replacement for the more 
expensive stabilizing agents (cement/lime) because it has inadequate cementation 
property required to bind the material to a satisfactory durability (Hailu, 2011). 
Hence, in this study, observation is carried on to investigate the effect of soil stabilization 
on soil properties like, optimum moisture content, maximum dry density, California 
bearing Ratio and unconfined compressive stress from the  secondary data found on when 
a small amount of lime was mixed with bagasse ash and when molasses mixed with 
cement. And comparison is made from the trials made on both experimental papers.     
1.3 STATEMENT OF THE PROBLEM 
Black cotton soils are major problematic soil of some tropical countries like Africa and 
India. This soil swells when in contact with water and shrinks on drying. As a result of 
this they cause extensive damage on light structure founded on them. During swelling, 
pressure is exerted by the soil on structure built on it and causes an increase in volume of 
the soil mass which also lift the structure. Consequently, cracking of building, breaking 
of pavement, damaging utility pipes are common problem on structures built on such soil. 
But on the other hand, under the action of heavy load, greater than swelling pressure, the 
soil undergoes consolidation. Therefore, remedial measures must be done to overcome 
expansive soil problems. Remedial measures can be:- 
• Removal of expansive soil & replacement with a non-expensive material is a 
common method of reducing shrink-swell risk. If the expansive soil or stratum is 
thin, then the entire layer can be removed. 
• Pre-wetting the place can eliminate an expansive soil problem if the high moisture 
content can be maintained. 
The two methods explained in the above are expensive & needs additional resources. But, 
Stabilization with locally available materials like agricultural waste materials bagasse ash 
& molasses will be cost effective & environmentally friendly.  
Review on Soil Stabilization using Bagasse Ash with lime and Molasses 
with cement 2018 
 
7 
 
1.4OBJECTIVE OF THE STUDY 
The general objective:- 
The general objective of this paper is to briefly describe the suitability of the locally 
available agricultural products bagasse ash and molasses as a soil stabilizing material to 
be used in the local construction industry in a way by comparing the effects of those 
stabilizing techniques on improved geotechnical properties of the expansive soil. 
A. To compare the molasses with cement and bagasse ash with lime stabilizing 
techniques from the secondary data gained from the two experimental papers.  
The specific objective:- 
The specific objectives are:- 
B. To observe the effect of bagasse ash with lime & molasses with cement on some 
geotechnical properties of black cotton soil. 
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CHAPTER TWO 
2.1 LITERATURE REVIEW 
2.2 EXPANSIVE SOILS 
Expansive soil refers to a soil that has the potential for swelling and shrinking due to 
changing moisture condition. Expansive soils cause more damage to structures 
particularly pavements and light buildings than any other natural hazard, including 
earthquakes and floods. It has been reported that the damage caused by these soils 
contribute significantly to the burden that the natural hazard pose on the economy of 
countries where the occurrence of these soils is significant (Nelson, 1992). Ethiopia is 
amongst the list of countries where the occurrence and spatial distribution is recognized 
as significant. 
Expansive soils can be found anywhere in the world but they are basically confined to 
semi– arid and arid regions. These areas are naturally characterized by marked dry and 
wet seasons with low rainfall, poor drainage and exceedingly great heat. The climate 
condition is such that the annual evapotranspiration exceeds the precipitations (Chen, 
1988). 
Two groups of parent materials have been associated with the formation of expansive 
soils. The first group comprises sedimentary rocks of volcanic origin which can be found 
in North America, South Africa and Israel, while the second groups of parent materials 
are basic igneous rocks found in India and Southwestern USA (Chen, 1988). 
The most well-known example of expansive soils is the black cotton soil which is dark 
grey to black in color and the name originated from India where locations of these soils 
are favorable for growing cotton. 
2.2.1 ORIGIN OF EXPANSIVE SOILS 
The origin of expansive soils is related to a combination of conditions and processes that 
result in the formation of clay minerals having a particular chemical makeup which, when 
in contact with water, expands. Variations in the conditions and processes may also form 
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other clay minerals, most of which are non-expansive. The conditions or processes, 
which determine the clay mineralogy, include composition of the parent material and 
degree of physical and chemical weathering to which the materials are subjected. 
i. 
The constituents of the parent material during the early and intermediate stages of the 
weathering process determine the type of clay formed. The nature of the parent material 
is much more important during these stages than after intense weathering for long periods 
of time (Chen, 1988). 
Parent Material 
The parent materials that can be associated with expansive soils are classified into two 
groups. The first group comprises the basic igneous rocks and the second group 
comprises the sedimentary rocks that contain montimorillonite as a constituent (Chen, 
1988). The basic igneous rocks are comparatively low in silica, generally about 45 to 52 
percent. Rocks that are rich in metallic base such as the pyroxenes, amphiboles, biotite 
and olivine fall within this category. Such rocks include the gabbros, basalts and volcanic 
glasses (Chen, 1988). The sedimentary rocks that contain montimorillonite as constituent 
include shale and clay stones. Limestone and marls rich in magnesium can also weather 
to clay. These parent materials contain varying amounts of volcanic ash and glass, which 
can subsequently be weathered to montimorillonite. The volcanic eruptions sent up 
clouds of ash, which fell on the continents and sea. Some of fine grained sediments which 
accumulated to form these rocks also contain montimorillonite derived from weathering 
of continental igneous rocks and from ash, which fell on the continental areas (Chen, 
1988). 
ii. 
The weathering process by which clay is formed includes physical, biological and 
chemical process. The most important weathering process responsible for the formation 
of montmorillonite is the chemical weathering of parent rock mineral. The parent 
material generally consists of ferromagnesium mineral, calcic feldspars, volcanic glass, 
volcanic rocks and volcanic ash. The formation is aided in alkaline environment, 
Weathering and Climate 
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presence of magnesium ion and lack of leaching. Such condition is favorable in semi-arid 
regions with relatively low rain fall or seasonal moderate rainfall particularly where 
evaporation exceeds precipitation. Under these conditions enough water is available for 
the alteration process but the accumulated cation will not be removed by rain water 
(Chen, 1988). 
2.2.2DISTRIBUTION OF EXPANSIVE SOILS 
Expansive soils are widespread in African continent, occurring in South Africa, Ethiopia, 
Kenya, Mozambique, Morocco, Ghana, Nigeria etc. In other parts of the world case of 
expansive soils have been widely reported in countries like USA, Australia, Canada, 
India, Spain, Israel, Turkey, Argentina, Venezuela etc. (Tefera, 1999). The aerial 
coverage of expansive soils in Ethiopia is estimated to be 24.7 million acres (Nebro, 
2002). They are widely spread in central part of Ethiopia following the major truck roads 
like Addis-Ambo, Addis-Wolliso, Addis– Debrebirhan, Addis-Gohatsion, and Addis-
Modjo are covered by expansive soils. Also areas like Mekele and Gambella are covered 
by expansive soil.  
2.2.3 IDENTIFICATION OF EXPANSIVE SOILS 
Investigation of expansive soils generally consists of two important phases. The first is 
the visual identification and recognition of the soil as expansive and the second is 
sampling and measurement of material properties to be used as the basis for design. The 
theme of this topic is to discuss different ways that are commonly used to identify 
expansive soils. 
Soils that can exhibit high swelling potential can be identified by field observations, 
mainly during reconnaissance and preliminary investigation stages. Important 
observations include  
• Usually have a color of black or grey.  
2.2.3.1Field Identification 
• Wide or deep shrinkage cracks.  
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• High dry strength and low wet strength.  
• Cut surfaces have a shiny appearance.  
• Appearance of cracks in nearby structures.  
Arid and semiarid areas are particular trouble spots because of large variations in rainfall 
and temperature.(Chen, 1988)  &  (Nelson, 1992). 
Laboratory identification of expansive soils can be categorized into mineralogical, 
indirect and direct methods. 
2.2.3.2Laboratory Identification 
A. Mineralogical Identification 
Clay mineralogy is a fundamental factor controlling expansive soil behavior. Clay 
minerals can be identified using a variety of techniques. The techniques that can be used 
are: 
• X-ray diffraction  
• Differential thermal analysis  
• Dye adsorption  
• Chemical analysis  
• Electron microscope resolution 
But these methods are not suitable for routine tests because of the following reason;  
• They are time consuming;  
• They require expensive test equipment; and  
• The results can only interpreted by specially trained technicians.(Chen, 1988)&(Nelson, 
1992). 
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B. Indirect Methods 
In this method simple soil property tests can be used for the evaluation of swelling 
potential of expansive soils. Such tests are easy to perform and should be included as 
routine tests in the investigation of expansive soils. Such tests may include: 
i. 
In this method, measurements of the atterberg limit of the soil are conducted for 
identification of all soils and provide a wide acceptable means of rating. Especially when 
they are combined with other tests they can be used to classify expansive soils. The 
relation between the swelling potential of clays and the plasticity index is shown in Table 
2.1 below.(Chen, 1988)  &  (Nelson, 1992). 
Atterberg Limits 
Table 2- 1: Relation between the swelling potential of clays and the plasticity index 
Swelling potential Plasticity index 
Low 0 – 15 
Medium 10 – 35 
High 20 – 55 
Very High 55 and above 
 
While it may be true that high swelling soil will manifest high index property, the 
converse is not true (Chen, 1988). 
ii. 
The free swell test may be considered as a measurement of volume change in clay upon 
saturation and is one of the most commonly used simple tests to estimate the swelling 
potential of expansive clay. Experiments indicated that a good grade of high swelling 
commercial bentonite will have a free swell of from 1200 to 2000 percent. Soils having a 
free swell value as low as 100 percent can cause considerable damage to lightly loaded 
structures, and soils having a free swell value below 50 percent seldom exhibit 
appreciable volume change even under very light loadings. The free swell percentage can 
Free Swell Tests 
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be computed using Equation (2.1) from the relationship between initial and swelled 
volume. (Chen, 1988),(Tefera, 1999)&(Nelson, 1992). 
Free Swell (%) =                 Vf – Vi                                                                 Equation 2- 1 
                                                 Vi 
Where: 
Vi= Initial volume 
Vf
iii. 
  =Final volume 
Free swell index is also one of the most commonly used simple tests to estimate the 
swelling potential of expansive clay. The procedure involves in taking two oven dried 
soil samples passing through 425µm sieve, 10cc each were placed separately in two 
100ml graduated soil sample. Distilled water was filled in one cylinder and kerosene in 
the other cylinder up to 100ml mark. The final volume of soil is computed after 24hours 
to calculate free swell index. The free swell index is then calculated using Equation 
(2.2).(Al-Rawas, 2006). 
Free Swell Index 
                     Free Swell (%)   =   Vw – Vk       X100                                              Equation 2- 2 
                                                         Vk 
Where: 
Vw= Final volume in water 
Vk
The relation between the degree of expansion and differential free swell index is shown 
in Table 2.2. It is normal to quantify 10cc as the volume occupied by 10g of soil. This 
does not account for variations of density (Al-Rawas, 2006). 
 = Final volume kerosene 
Table 2- 2: Degree of expansion and differential free swell index (Ranjan G. a., 
2002) 
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Free swell index (%) Degree of expansion 
Less than 20 Low 
20 – 35 Moderate 
35 – 50 High 
Greater than 50 Very high 
iv. 
Free swell ratio is defined as the ratio of sediments volume of 10cc oven dried soil 
passing through 425µm sieve in distilled water to that of Kerosene (Prakash, 2004). 
Equation (2.3). 
Free Swell Ratio Test 
                     Free Swell Ratio (%) = Vw    X 100                                           Equation 2- 3 
                                                            Vk 
Where: 
Vw=Finalvolumeinwater 
Vk
Table 2- 3: Classification of Soils based on free swell ratio (Prakash, 2004). 
 = Final volume kerosene 
The relation between the degree of expansion and differential free swell ratio is given in 
Table 2.3. 
Free Swell Ratio Soil Expansivity Clay Type 
Less than 1 Negligible Non - swelling 
1.0 – 1.5 Low Mixture of non – swelling & 
swelling 
1.5 – 2.1 Moderate Swelling 
2.0 – 4.0 High Swelling 
Greater than 4 Very high Swelling 
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v. 
The CEC is the quantity of exchangeable cation required to balance the negative charge 
on the surface of the clay particles. CEC is expressed in mill equivalents per 100 grams 
of dry clay. CEC is related to clay mineralogy. High CEC values indicate a high surface 
activity. In general, swell potential increases as the CEC increases. Typical values of 
CEC for the three basic clay minerals are given in Table 2.4. 
Cation Exchange Capacity (CEC) 
Table 2- 4: Typical CEC values of basic clay minerals after Mitchell, 1976(Nelson, 
1992). 
Clay Mineral CEC (meq/100gm) 
Kaolinite 3 - 15 
Illite 10 - 40 
Montmorillonite 80 - 150 
C. Direct Methods 
These methods offer the most useful data by direct measurement; and tests are simple to 
perform and do not require complicated equipment. Testing should be performed on a 
number of samples to avoid erroneous conclusions. Direct measurement of expansive 
soils can be achieved by the use of conventional one-dimensional consolidometer. 
2.2.4 CLASSIFICATION OF EXPANSIVE SOILS 
Parameters determined from expansive soil identification tests have been combined in a 
number of different classification schemes. The classification system used for expansive 
soils are based on indirect and direct prediction of swell potential as well as combinations 
to arrive at a rating. There are a number of classification systems. The following are some 
of the common methods. 
A. Classification Using General Methods 
The most widely used general classification systems are: 
Review on Soil Stabilization using Bagasse Ash with lime and Molasses 
with cement 2018 
 
16 
 
i. 
As shown on Table 2.5 soils rated A-6 or A-7 by AASHTO can be considered potentially 
expansive (Nelson, 1992). 
AASHTO Classification 
Table 2- 5: AASHTO soil classification chart 
General 
classification Granular Materials 
(35 % or less total sample passing No.200) 
Silt-clay Materials(More than 
35 % of total sample passing 
No.200) 
Group classification 
A-1 A-3 A-2 A-4 A-5 A-6 A-7 
A-1-a A-1-b   A-2-4 A-2-5 A-2-6 A-2-7       
A-7-5 
A-7-6 
Sieve analysis 
percent passing 
                      
                      
No.10 
50 
max                     
No.40 
30 
max 
50 
max 51 min                 
No.200 
15 
max 
25 
max 10 max 
35 
max 
35 
max 
35 
max 
35 
max 
36 
min 
36 
min 
36 
min 
36 
min 
Characteristics of 
fraction passing 
No. 40 
                      
                      
                        
Liquid Limit       
40 
max 
41 
min 
40 
max 
41 
min 
40 
max 
41 
min 
40 
max 
41 
min 
Plasticity Index 6 max N.P. 
10 
max 
10 
max 
11 
min 
11 
min 
10 
max 
10 
max 
11 
min 
11 
min 
Usual types of 
significant 
constituent 
materials 
Stone 
fragments, 
gravel and sand 
Fine 
sand 
Silty or clayey gravel and 
sand Silty soils Clayey soils 
General rating as 
sub grade Excellent to good Fair to poor 
ii. 
In this classification system a correlation is made between swell potential and unified soil 
classification as follows: 
Unified Soil Classification Systems 
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B. Classification Specific to Expansive Soil 
Category Soil classification system 
Little or no expansion                   GW, GP, GM, SW, SP, SM                               
Moderate expansion                                                          GW, SC, ML, MH  
High volume change                                                         CL, OL, CH, OH  
No rating Pt 
The above classification system can be summarized as follow:  
a. All clay soil and organic soils exhibit high volume change. 
b. All clayey gravels and sands and all silts exhibit moderate volume changes.  
c. All sands and gravels exhibit little or no expansion. 
The above classification system may give an initial alert that the soil may have expansive 
character but it does not provide useful information. A parameter determined from the 
expansive soil identification tests have been combined in a number of different 
classification schemes to give qualitative rating on the expansiveness of the soil. But the 
direct use of such classification systems as a basis for design may lead to an overly 
conservative construction in some places and inadequate construction in some areas 
(Nelson, 1992). Hence, it is very important to emphasize that design decision has to be 
based on predicting testing and analysis, which provide reliable information. 
An indirect prediction of swell potential includes correlations based on index properties, 
swell and a combination of them. Some of such classification systems are: 
i. 
(Chen, 1988) Presented a single index method for identifying expansive soils using only 
plasticity index. Chen suggested four classes of clays according to their plasticity indices 
shown in Table 2.6. 
Method of Chen 
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Table 2- 6: Relation between the swelling potential of clays and the plasticity index 
Swelling potential Plasticity index 
Low 0 - 15 
Medium 10 - 35 
High 20 - 55 
Very high 55 and above 
ii. 
(A.M.Karguppikar, 1973) Presented a single index method for identifying expansive soils 
using only liquid limit. They suggested four classes of clays according to their liquid 
limits as shown in Table 2.7(Al-Rawas, 2006). 
Method of Daksanamurthy and Raman (A.M.Karguppikar, 1973) 
Table 2- 7: Relation between the swelling potential of clays and the liquid limit 
Swelling potential Liquid limit 
Low 20 < LL ≤ 35 
Medium 35 < LL ≤ 50 
High 50 < LL ≤ 70 
Very High LL > 70 
iii. 
This method is developed by Holtz and Gibbs; it is based on direct correlation of 
observed volume change with colloid content, plastic index and shrinkage limit. The 
classification is as given in Table 2.8. 
 
 
 
 
USBR Method 
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Table 2- 8: Classification based on bureau of reclamation method (Chen, 1988)  & 
(Ranjan G. a., 2002) 
Colloid content, 
(%) 
Plasticity index, 
(%) 
Shrinkage limit, 
(%) 
Probable 
expansion, (%) 
Degree of 
expansion 
< 15 < 18 >15 < 10 Low 
13 – 23 15 - 28 10 - 16 10 - 20 Medium 
20 – 31 25 - 41 7 - 12 20 - 30 High 
>28 >35 < 11 >30 Very high 
iv. 
After an extensive study on swelling characteristics of remolded, artificially prepared and 
compacted clays, Seed et.al (Chen, 1988) have developed a chart based on activity and 
percent clay sizes as shown in Figure 2.2. The activity here is defined as: 
Method of Seed et al 
                     AC   =   PI                                                   Equation 2- 4 
                               C - 10 
Where:  
AC = Activity 
PI=Plasticity index 
C= Percentage of clay size finer than 0.002mm 
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Figure 2- 1: Classification chart for swelling potential after Seed et.al, 1962 as cited 
by (Chen, 1988) 
v. 
This method is developed, by combining Atterberg limits and clay content into a single 
parameter called Activity. Activity is defined as: 
Method of Skempton 
                     AC   =      PI                                                            Equation 2- 5 
                     Percentage by weight finer than 2µm 
Where: 
AC
Skempton suggested three classes of clays according to their activity shown in Table 2.9. 
Table 2- 9: Relation between clay activity and potential of expansion 
  = Activity 
PI=Plasticity index 
Activity Potential of expansion 
Ac <0.75 Low (inactive) 
0.75 <Ac < 1.25 Medium (normal) 
Ac > 1.25 High (active) 
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2.3 SOIL STABILIZATION 
Soil stabilization aims at improving soil strength and increasing resistance to softening by 
water through bonding the soil particles together, water proofing the particles or 
combination of the two (Sherwood, 1993). Usually, the technology provides an 
alternative provision structural solution to a practical problem. The simplest stabilization 
processes are compaction and drainage (if water drains out of wet soil it becomes 
stronger). The other process is by improving gradation of particle size and further 
improvement can be achieved by adding binders to the weak soils (Rogers, 1993). Soil 
stabilization can be accomplished by several methods. All these methods fall into two 
broad categories (FM5-410, 2012) namely; 
• Mechanical stabilization  
Under this category, soil stabilization can be achieved through physical process 
by altering the physical nature of native soil particles by either induced vibration 
or compaction or by incorporating other physical properties such as barriers and 
nailing. 
• Chemical stabilization 
Under this category, soil stabilization depends mainly on chemical reactions 
between stabilizer (cementitious material) and soil minerals (pozzolanic 
materials) to achieve the desired effect. A chemical stabilization method is the 
fundamental of this review and, therefore, the term soil stabilization will mean 
chemical stabilization. 
Through soil stabilization, unbound materials can be stabilized with cementitious 
materials (cement, lime, fly ash, bitumen or combination of these). The stabilized soil 
materials have a higher strength, lower permeability and lower compressibility than the 
native soil(Keller Inc., 2011). The method can be achieved in two ways, namely; (1) in 
situ stabilization and (2) ex-situ stabilization. Note that, stabilization not necessary a 
magic wand by which every soil properties can be improved for better (Ingles, 1972).The 
decision to technological usage depends on which soil properties have to be modified. 
The chief properties of soil which are of interest to engineers are volume stability, 
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strength, compressibility, permeability and durability (Ingles, 1972), (Sherwood, 1993) & 
(EuroSoilStab, 2002). For a successful stabilization, a laboratory tests followed by field 
tests may be required in order to determine the engineering and environmental properties. 
Laboratory tests although may produce higher strength than corresponding material from 
the field, but will help to assess the effectiveness of stabilized materials in the field. 
Results from the laboratory tests, will enhance the knowledge on the choice of binders 
and amounts (EuroSoilStab, 2002). 
2.3.1 COMPONENTS OF STABILIZATION 
Soil stabilization involves the use of stabilizing agents (binder materials) in weak soils to 
improve its geotechnical properties such as compressibility, strength, permeability and 
durability. The components of stabilization technology include soils and or soil minerals 
and stabilizing agent or binders (cementitious materials). 
A. Soils 
Most of stabilization has to be undertaken in soft soils (silty, clayey peat or organic soils) 
in order to achieve desirable engineering properties. According to (Sherwood, 1993) fine 
grained granular materials are the easiest to stabilize due to their large surface area in 
relation to their particle diameter. A clay soil compared to others has a large surface area 
due to flat and elongated particle shapes. On the other hand, silty materials can be 
sensitive to small change in moisture and, therefore, may prove difficult during 
stabilization (Sherwood, 1993). Peat soils and organic soils are rich in water content of up 
to about 2000%, high porosity and high organic content. The consistency of peat soil can 
vary from muddy to fibrous, and in most cases, the deposit is shallow, but in worst cases, 
it can extend to several meters below the surface (Pousette, 1999), (Cortellazzo, 
1999)&(Åhnberg, 1999). Organic soils have high exchange capacity; it can hinder the 
hydration process by retaining the calcium ions liberated during the hydration of calcium 
silicate and calcium aluminate in the cement to satisfy the exchange capacity. In such 
soils, successful stabilization has to depend on the proper selection of binder and amount 
of binder added (Hebib, 1999)  & (Åhnberg, 1999). 
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B. Stabilizing Agents 
These are hydraulic (primary binders) or non-hydraulic (secondary binders) materials that 
when in contact with water or in the presence of pozzolanic minerals reacts with water to 
form cementitious composite materials. The commonly used binders are: 
i) Cement 
ii) Lime 
iii) Fly Ash 
iv) Blast Furnace Slag 
i. 
Cement is the oldest binding agent since the invention of soil stabilization technology in 
1960’s. It may be considered as primary stabilizing agent or hydraulic binder because it 
can be used alone to bring about the stabilizing action required (Sherwood, 1993)  &  
(EuroSoilStab, 2002).Cement reaction is not dependent on soil minerals, and the key role 
is its reaction with water that may be available in any soil (EuroSoilStab, 2002). This can 
be the reason why cement is used to stabilize a wide range of soils. Numerous types of 
cement are available in the market; these are ordinary Portland cement, blast furnace 
cement, sulfate resistant cement and high alumina cement. Usually the choice of cement 
depends on type of soil to be treated and desired final strength. Hydration process is a 
process under which cement reaction takes place. The process starts when cement is 
mixed with water and other components for a desired application resulting into hardening 
phenomena. The hardening (setting) of cement will enclose soil as glue, but it will not 
change the structure of soil (EuroSoilStab, 2002). The hydration reaction is slow 
proceeding from the surface of the cement grains and the center of the grains may remain 
un hydrated (Sherwood, 1993). Cement hydration is a complex process with a complex 
series of unknown chemical reactions (MacLaren, 2003).However, this process can be 
affected by: 
Cement 
• Presence of foreign matters or impurities 
• Water – cement ratio 
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• Curing temperature 
• Presence of additives 
• Specific surface of the mixture 
Depending on factor(s) involved, the ultimate effect on setting and gain in strength of 
cement stabilized soil may vary. Therefore, this should be taken into account during mix 
design in order to achieve the desired strength. Calcium silicates, C3Sand C2
• Decreased cohesiveness (Plasticity) 
Sare the two 
main cementitious properties of ordinary Portland cement responsible for strength 
development (Al-Tabbaa, 2005)  &  (EuroSoilStab, 2002). Calcium hydroxide is another 
hydration product of Portland cement that further reacts with pozzolanic materials 
available in stabilized soil to produce further cementitious material (Sherwood, 1993). 
Normally the amount of cement used is small but sufficient to improve the engineering 
properties of the soil and further improved cation exchange of clay. Cement stabilized 
soils have the following improved properties: 
• Decreased volume expansion or compressibility 
• Increased strength (PCA-IS 411, 2003). 
ii. 
Lime provides an economical way of soil stabilization. Lime modification describes an 
increase in strength brought by cation exchange capacity rather than cementing effect 
brought by pozzolanic reaction (Sherwood, 1993).In soil modification, as clay particles 
flocculates, transforms natural plate like clays particles into needle like interlocking 
metalline structures. Clay soils turn drier and less susceptible to water content changes 
(Rogers, 1993). Lime stabilization may refer to pozzolanic reaction in which pozzolana 
materials reacts with lime in presence of water to produce cementitious compounds 
(Sherwood, 1993) & (EuroSoilStab, 2002). The effect can be brought by either 
quicklime, CaO or hydrated lime, Ca (OH)
Lime 
2. Slurry lime also can be used in dry soils 
conditions where water may be required to achieve effective compaction (Hicks, 
Review on Soil Stabilization using Bagasse Ash with lime and Molasses 
with cement 2018 
 
25 
 
2002).Quicklime is the most commonly used lime; the followings are the advantages of 
quicklime over hydrated lime (Rogers, 1993). 
• higher available free lime content per unit mass 
• denser than hydrated lime (less storage space is required) and less dust 
• generates heat which accelerate strength gain and large reduction in moisture 
content according to the reaction equation below 
CaO+ H 2O → Ca(OH ) 2
Quicklime when mixed with wet soils, immediately takes up to 32% of its own weight of 
water from the surrounding soil to form hydrated lime; the generated heat accompanied 
by this reaction will further cause loss of water due to evaporation which in turn results 
into increased plastic limit of soil i.e. drying out and absorption (EuroSoilStab, 2002) & 
(Sherwood, 1993). The effect can be explained from Figure 2.3 for soil at a moisture 
content of 35% and plastic limit 25%. Addition of 2% lime will change the plastic limit 
to 40% so that the moisture content of the soil will be 5% below plastic limit instead of 
10% above plastic limit (Sherwood, 1993).(Sherwood, 1993)Investigated the decrease in 
plasticity as brought about in first instance by cation exchange in which cations of 
sodium and hydrogen are replaced by calcium ions for which the clay mineral has a 
greater water affinity. Even in soils (e.g. calcareous soils) where, clay may be saturated 
with calcium ions, addition of lime will increase pH and hence increase the exchange 
capacity. Like cement, lime when reacts with wet clay minerals result into increased pH 
which favors solubility of siliceous and aluminous compounds. These compounds react 
with calcium to form calcium silica and calcium alumina hydrates, a cementitious 
product similar to those of cement paste. Natural pozzolanas materials containing silica 
and alumina (e.g. clay minerals, pulverized fly ash, PFA, blast furnace slag) have great 
potential to react with lime. 
 + Heat (65kJ / mol) . 
Lime stabilizations technology is mostly widely used in geotechnical and environmental 
applications. Some of applications include encapsulation of contaminants, rendering of 
backfill (e.g. wet cohesive soil), highway capping, slope stabilization and foundation 
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improvement such as in use of lime pile or lime-stabilized soil columns (Ingles, 1972). 
However, presence of sulphur and organic materials may inhibit the lime stabilization 
process. Sulphate (e.g. gypsum) will react with lime and swell, which may have effect on 
soil strength. 
iii. 
Fly ash is a byproduct of coal fired electric power generation facilities; it has little 
cementitious properties compared to lime and cement. Most of the fly ashes belong to 
secondary binders; these binders cannot produce the desired effect on their own. 
However, in the presence of a small amount of activator, it can react chemically to form 
cementitious compound that contributes to improved strength of soft soil. Fly ashes are 
readily available, cheaper and environmental friendly. There are two main classes of fly 
ashes; class C and class F (FM5-410, 2012). Class C fly ashes are produced from burning 
subbituminous coal; it has high cementing properties because of high content of free 
CaO. Class C from lignite has the highest CaO (above 30%) resulting in self-cementing 
characteristics (FM5-410, 2012). Class F fly ashes are produced by burning anthracite 
and bituminous coal; it has low self-cementing properties due to limited amount of free 
CaO available for flocculation of clay minerals and thus require addition of activators 
such as lime or cement. The reduction of swell potential achieved in fly ashes treated soil 
relates to mechanical bonding rather than ionic exchange with clay minerals (Scot M. 
Mackiewicz, 2005). However, soil fly ash stabilization has the following limitations. 
(White, 2005): 
Fly – Ash 
• Soil to be stabilized shall have less moisture content; therefore, dewatering may 
be required. 
• Soil-fly ash mixture cured below zero and then soaked in water are highly 
susceptible to slaking and strength loss 
• Sulfur contents can form expansive minerals in soil-fly ash mixture, which 
reduces the long term strength and durability. 
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iv. 
These are the by-product in pig iron production. The chemical compositions are similar to 
that of cement. It is however, not cementitious compound by itself, but it possesses latent 
hydraulic properties which upon addition of lime or alkaline material the hydraulic 
properties can develop (Sherwood, 1993) & (Åhnberg, 1999).Depending on cooling 
system, (Sherwood, 1993) itemized slag in three forms, namely: 
Blast Furnance Slags 
• Air-cooled slag 
Hot slag after leaving the blast furnace may be slowly cooled in open air, 
resulting into crystallized slag which can be crushed and used as aggregate. 
• Granulated (merit 5000) or Pelletised slag 
Quenching (i.e. sudden cooling with water or air) of hot slag may result into 
formation of vitrified slag. The granulated blast furnace slag or Merit 5000 
(commonly known in Sweden) is a result of use of water during quenching 
process, while, the use of air in the process of quenching may result into 
formation of pelletised slag. 
• Expanded slag 
Under certain conditions, steam produced during cooling of hot slag may give rise 
to expanded slag. 
v. 
Pozzolanas are siliceous and aluminous materials, which in itself possess little or no 
cementitious value, but will, in finely divided form and in the presence of moisture, 
chemically react with calcium hydroxide at ordinary temperature to form compounds 
possessing cementitious properties (ASTM 595). Clay minerals such as kaolinite, 
montmorillonite, mica and illite are pozzolanic in nature. Artificial pozzolanas such as 
ashes are products obtained by heat treatment of natural materials containing pozzolanas 
such as clays, shales and certain silicious rocks. Plants when burnt, silica taken from soils 
as nutrients remains behind in the ashes contributing to pozzolanic element. Rice husk 
ash and rice straw and bagasse are rich in silica and make an excellent pozzolana 
(Sherwood, 1993). 
Pozzolanas 
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2.3.2 FACTORS AFFECTING THE STRENGTH OF STABILIZED SOIL 
Presence of organic matters, sulphates, sulphides and carbon dioxide in the stabilized 
soils may contribute to undesirable strength of stabilized materials (Netterberg & Paige-
Green) & (Sherwood, 1993). 
i. 
In many cases, the top layers of most soil constitute large amount of organic matters. 
However, in well drained soils organic matter may extend to a depth of 1.5 m (Sherwood, 
1993). Soil organic matters react with hydration product e.g. calcium hydroxide 
(Ca(OH)
Organic Matter 
2
ii. 
) resulting into low pH value. The resulting low pH value may retard the 
hydration process and affect the hardening of stabilized soils making it difficult or 
impossible to compact. 
The use of calcium-based stabilizer in sulphate-rich soils causes the stabilized sulphate 
rich soil in the presence of excess moisture to react and form calcium sulphoaluminate 
(ettringite) and or thamausite, the product which occupy a greater volume than the 
combined volume of reactants. However, excess water to one initially present during the 
time of mixing may be required to dissolve sulphate in order to allow the reaction to 
proceed (Little S. N., 2009) & (Sherwood, 1993). 
Sulphates 
iii. 
In many of waste materials and industrial by-product, sulphides in form of iron pyrites 
(FeS
Sulphides 
2) may be present. Oxidation of FeS2
i) 2FeS2 + 2H2O +7O2= 2FeSO4 + 2H2SO4 
 will produce sulphuric acid, which in the 
presence of calcium carbonate, may react to form gypsum (hydrated calcium sulphate) 
according to the reactions (i) and (ii) below: 
ii) CaCO3 + H2SO4 + H2O = CaSO4.2 H2O + CO2 
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The hydrated sulphate so formed, and in the presence of excess water may attack the 
stabilized material in a similar way as sulphate (Sherwood, 1993).Even so, gypsum can 
also be found in natural soil (Little S. N., 2009). 
2.4 SOIL STABILIZATION USING CANE MOLASSES 
Molasses stabilization is a relatively new concept that is scanty in the literature and the 
chemical reactions that take place between soil molasses mixtures are not fully 
understood.  
During sugar processing, some materials are added into the process as clarification agents 
and evaporator decadents. These materials include lime and sulphur dioxide among 
others. During crystallization of the sugar juice, those elements remain in molasses and 
are then included in the natural molasses ingredients. Those elements plus others imbibed 
from the soil by the sugar cane as nutrients to support growth are the ones, which 
probably interacted with expansive soil to change its characteristics during stabilization 
(Ndegwa J. K and Shitote). 
Therefore, the explanation of chemical reactions of soil stabilization with molasses is 
based on the results of the foregoing studies and on findings of other researchers on 
related subjects .i.e. cation exchange and flocculation-agglomeration are the two 
chemical reactions that play role for molasses stabilization of expansive soil (Ndegwa J. 
K and Shitote) (Ndegwa J. K and Shitote) Briefly described mechanisms of stabilization 
when molasses is mixed with expansive clay soil. They stated that cation exchange 
reaction and adhesive property of molasses are responsible for stabilization of expansive 
soil by cane molasses. In nutshell they stated that geotechnical properties improvements 
of stabilized expansive clay soils by cane molasses come from: 
 Cation exchange reaction in soil molasses mixture which plays a role in 
enhancement of flocculation and soil aggregate stability, and reduction in water 
affinity of the clay soil; and  
 The electrostatic attraction between aggregated soil particles emanates from 
adhesivity of molasses even further increases the size of soil particles.  
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2.4.1 MINIMUM REQUIREMENTS FOR PAVEMENT STABILIZATION IN ETHIOPIA 
((ERA), Pavemeolume Design Manual.Volume I-flexible pavement , 2013)States sub 
grade materials with CBR values <4% and swelling potential > 2% need to be replaced or 
treated with stabilizing agents. The manual also set minimum requirements for stabilized 
sub-grade and sub-materials respectively which are presented in Table 2.10 and Table 
2.11 
Table 2- 10: Stabilized sub-grade requirement ((ERA), Site Investigation Manual, 
2002). 
No. Test Stabilized Sub-grade 
Requirement 
1 Atterberg Limits Reduction of the plasticity 
index to less than 20. 
2 Shrinkage Limits Considerable increase of the 
shrinkage limit 
3 Swell Reduction of the swell to 
negligible values. 
4 CBR Increase of the CBR to a 
minimum of 10. 
Sugar Cane Molasses 
Sugar cane molasses is a viscous byproduct of the processing of sugar cane into sugar. 
During the sugar making process, the juice extracted from sugar cane is boiled down until 
the sugars crystallize and precipitate out. The syrup left over after crystallization is 
referred to as molasses (Olbrich, 1963). 
There are three grades of molasses: light molasses, also known as first molasses; dark or 
second molasses; and blackstrap (Peter, 2007). 
Light Molasses-The result of this first boiling and of the sugar crystals is first molasses, 
which has the highest sugar content and the least viscous texture because comparatively 
little sugar has been extracted from the source.  
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Second molasses are created from a second boiling and sugar extraction. This molasses 
is darker and more viscous than light molasses, and contains less sugar.  
Blackstrap molasses- final byproduct of the third boiling cycle in the sugar making 
process makes blackstrap molasses. This variety of molasses contains the least sugar and 
has the highest concentration of vitamins and minerals. 
2.4.2 CHEMICAL COMPOSITION OF MOLASSES 
Molasses is not just one chemical compound, but many. The main content is sugar 
(sucrose) (C12H22O11). The composition of molasses is influenced by the soil where the 
cane is grown, climatic conditions, variety and maturity of the cane and the processing 
conditions at the factory (Ndegwa J. K and Shitote) has reported the mean constituent 
values for cane molasses as shown in Table 2.11 from four sugar factories in Kenya. 
Composition of Indian molasses and the world average of molasses composition have 
been reported by (KBK(2009), 2003) are given in Table 2.11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Review on Soil Stabilization using Bagasse Ash with lime and Molasses 
with cement 2018 
 
32 
 
Table 2- 11Mean Constituent values for Cane Molasses from Kenya, India and 
World average. (Taye, STABILIZATION OF EXPANSIVE CLAY SOIL WITH 
SUGAR CANE MOLASESS AND CEMENT, 2015). 
Constituents Kenya India World Average 
pH 5.7 4.2 - 
Specific gravity 1.46 - - 
Moisture (%) 21.9 19.1 20 
Total Sugar 57.0 55.96 62 
Sucrose (%) 37.1 22.93 32 
Invert Sugar (glucose 
& fructose) (%) 
19.9 - 30 
Ash (%) 8.1 19.75 - 
Major mineral 
elements found in 
Cane Molasses 
   
Ca (%) 1.09 2.27 1.5 
Mg (%) 0.15 - 0.1 
Na (%) 0.02 - - 
K (%) 2.97 - 3.5 
Si (%) 0.30 - 0.5 
During sugar processing, some materials are added into the process as clarifying agents 
and evaporator decadents. These materials include lime and sulfur dioxide among others. 
During crystallization of the sugar juice, those elements remain in molasses and are then 
included in the natural molasses ingredients. Those elements plus others imbibed from 
the soil by the sugar cane as nutrients to support growth are the ones, which probably 
interacted with expansive soil to change its characteristics during stabilization (Ndegwa J. 
K and Shitote). 
2.5 BAGASSE ASH 
Bagasse is the fibrous residue obtained from sugarcane after the extraction of sugar juice 
at sugar cane mills. Bagasse ash is the residue obtained from the incineration of bagasse. 
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Previously, bagasse was burnt as a means of solid waste disposal. However, as the cost of 
fuel oil, natural gas and electricity has increased, bagasse has come to be regarded as a 
fuel rather than refuse in the sugar mills. The fibrous residue used for this purpose leaves 
behind about 8-10% ash, known as bagasse ash (Amin, Chemical activation of bagasse 
ash in cementitious system and its impact on strength development, 2010)&(Hailu, 2011). 
These days sustainability plays the major role in every aspect of human activities. Many 
technologies came to end because they were not in harmony with the idea of sustainable 
development. Sustainability is concerned about the world we will be leaving behind for 
future generations. It focuses on the social, environmental and economic issues of human 
activities. Therefore it requires every activity to be environmental friendly, economical 
and safe for the social. 
Bagasse ash contains large amount of silica which is the most important component of 
cement replacing materials. It is also found in large amount as a byproduct in sugar 
factories. Despite this abundance and silica content, relatively little has been done to 
examine the potential of this material for soil stabilization. Even though little, the 
conducted researches conform the suitability of this material for soil stabilization as an 
admixture of lime and cement. But still its suitability as a standalone material is still 
questionable. 
2.5.1 PREVIOUS STUDIES 
A. Bagasse Ash as a Standalone Stabilizer 
1. (Gandhi, 2012)Investigated on stabilization of expansive soil using bagasse ash. 
The experimental study involved Atterberg limit test, free swell index and 
swelling pressure tests. The findings and conclusions of the study can be 
summarized as follows: 
• The results show that when the percentage of bagasse ash is increases in the soil 
sample, the plasticity of the soil decreases as shown in Table 2.12. 
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Table 2- 12: Variations of Atterberg limits with addition of bagasse ash 
Bagasse ash LL (%) PL (%) PI (%) 
0 72 30 42 
3 67 29 38 
5 63 28 35 
7 58 26 32 
10 52 25 27 
• As shown in Figure 2.4 free swell Index decreases as percentage of bagasse ash 
increases; and shows some linearity between them. 
 
Figure 2- 2: Relation between free swell index & percentage of bagasse ash 
• Swelling pressure decreases as percentage of bagasse ash increases. Summary of 
swelling pressure is shown in Figure 2.5. 
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Figure 2- 3: Relation between swelling pressure and percentage of bagasse ash 
The research concludes that soil stabilization by applying waste product bagasse ash 
successfully improves the existing poor and expansive sub grade soil. 
2. (Chittaranjan M. e., October 2011)Evaluated agricultural wastes as soil stabilizers 
on clay of medium plasticity. Hence, in their investigation an attempt has been 
made to utilize certain agricultural wastes such as rise husk ash (RHA), groundnut 
shell ash (GSA) and sugarcane bagasse ash (SCBA) to stabilize weak subgrade 
soil. Use of these agricultural wastes improves the subgrade strength of the weak 
soil. The findings of this study are summarized in Table 2.13. 
Table 2- 13: CBR with increase in percentage of bagasse ash 
Agricultural 
wasteb(%) 
CBR value for RHA CBR value for 
SCBA 
CBR value for 
GSA 
0 7.66 7.66 7.66 
3 10.63 11.63 9.35 
6 14.33 17.54 12.69 
9 19.62 21.26 18.36 
12 23.96 25.54 20.87 
5 24.23 26.68 21.23 
3. (Osinubi K. J., 2007) Evaluated the influence of compactive efforts on bagasse 
ash treated black cotton soils. The experimental study involved Atterberg limit 
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test, moisture-density relation, UCS and CBR. The findings and conclusions of 
the study can be summarized as follows: 
• The unconfined compressive strength increased with the addition of bagasse ash 
content. 
• The CBR increased with the addition of bagasse ash content. But, these values 
obtained barely meet the minimum specification by the Nigerian general 
specification (1997) of 15% CBR for a sub grade material. 
• The research concluded that bagasse ash stabilized soil cannot be used as a 
pavement material. But it can be more profitably used as an admixture with a 
conventional stabilizer such as cement or lime. 
4. (Osinubi K. e., 2009)Evaluated bagasse ash stabilization of lateritic soil. The 
experimental study involved moisture-density relation, UCS and CBR. The 
findings and conclusions of the study can be summarized as follows: 
 
Figure 2- 4: Variation of maximum dry density and optimum moisture content with 
bagasse ash content 
• CBR and UCS values generally increased with the addition of bagasse ash content 
as shown in Figure 2.7 and 2.8 respectively. 
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Figure 2- 5: Variation of unconfined compressive strength with bagasse ash content 
 
Figure 2- 6: Variation of California bearing ratio with bagasse ash content 
• Generally the research concluded that bagasse cannot be used as a standalone 
stabilizer but should be employed in admixture stabilization. 
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B. Bagasse Ash as an Admixture with Cement 
1. (Mu’azu M. , January-June 2007.)Evaluated the plasticity and particle size 
distribution characteristics of bagasse ash on cement treated lateritic soil. The 
experimental study involved Atterberg limit test and particle size distribution. The 
findings and conclusions of the study can be summarized as follows: 
• The liquid limit reduced while the plastic limit increased and consequently the 
plasticity index reduced with addition of bagasse ash and cement. 
• With respect to particle size distribution, there was a general reduction in the 
percentage of fines with addition of bagasse ash and cement. 
• The research concluded that from the consideration of the plasticity characteristic 
and grain size, the Nigerian general specification on road and bridgeworks for 
direct use of the materials as pavement material are not met for any of the bagasse 
ash and cement contents considered, but the grain size requirement were met with 
the respect to the percentage passing BS sieve No. 200. 
2. (Onyelowe, 2012)Studied cement stabilized Akwuete, Nigeria, lateritic soil and 
the use of bagasse ash as admixture. The experimental study involved moisture-
density relation and CBR. The findings and conclusions of the study can be 
summarized as follows: 
• At 4% cement content, with addition of bagasse ash as an admixture, there is a 
general reduction in the MDD increment in OMC and CBR as shown in Table 
2.12 while there is an increase in the MDD and CBR and reduction in OMC with 
increase in bagasse ash content from 2-10% at 6% cement content as shown in 
Table 2.14. 
• From the foregoing tests carried out, bagasse ash is proved to be a good pozzolana 
in soil stabilization and modification. 
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Table 2- 14:Variation of OMC, MDD and CBR with addition of bagasse ash 
contents at 4% cement 
Bagasse ash (%) OMC, (%) MDD, (g/cm3 CBR, (%) ) 
0 20.51 1.78 58.77 
2 20.71 1.79 85.66 
4 21.20 1.74 86.10 
6 21.80 1.69 94.20 
8 22.64 1.50 112.18 
10 22.88 1.50 128.05 
 
Table 2- 15:Variation of OMC, MDD and CBR with addition of bagasse ash 
contents at 6% cement 
Bagasse ash (%) OMC, (%) MDD, (g/cm3 CBR, (%) ) 
0 17.90 1.88 85.30 
2 14.02 1.96 98.60 
4 15.96 1.98 106.70 
6 16.01 2.01 119.02 
8 16.22 2.30 126.75 
10 16.40 2.50 137.62 
C. Bagasse Ash as an Admixture with Lime 
1. (Sabat, 2012)Studied the utilization of bagasse ash and lime sludge for 
construction of flexible pavements in expansive soil areas. The experimental 
study involved compaction characteristics, unconfined compressive strength, 
CBR and swelling pressure. The following conclusions are drawn from the study: 
• The addition of bagasse ash to expansive soil decreases the MDD and increases 
the OMC of the expansive soil irrespective of the percentage of addition of 
bagasse ash. Addition of lime sludge to each expansive soil-bagasse ash mixes 
decreases the MDD and increases the OMC of the expansive soil irrespective of 
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the percentage of addition of lime sludge. Summary of OMC and MDD are shown 
in Figure 2.9 and 2.10 respectively. 
 
Figure 2- 7: Variation of MDD with percentage of bagasse ash and lime sludge 
 
Figure 2- 8: Variation of OMC with percentage of bagasse ash and lime sludge 
• As shown in Figures 2.11 and 2.12 the UCS and CBR are observed to vary with 
the percentage of bagasse ash and lime sludge. As the percentage bagasse ash 
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increase, both CBR and UCS increase to peak value at about 8% uniformly 
decrease with addition of lime sludge, in a similar manner bagasse ash increases 
the aforementioned soil strength parameters where the peak is at 16%. Hence, the 
optimum proportion of the soil: bagasse ash: lime sludge is found to be 76:8:16. 
 
Figure 2- 9: Variation of UCS with percentage of bagasse ash and lime sludge 
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Figure 2- 10: Variation of soaked CBR with percentage of bagasse ash and lime 
sludge 
• As shown in Figure 2.13 the swelling pressure goes on decreasing with addition 
of both bagasse ash and lime sludge. The swelling pressure of expansive soil 
having bagasse ash 8% and lime sludge16 % is found to be 18kPa. 
 
Figure 2- 11: Variation of swelling pressure of 8% bagasse ash stabilized expansive 
soil with percentage of lime sludge 
• Generally the research concluded that the industrial wastes, such as bagasse ash 
and lime sludge can be utilized for strengthening the sub grade soil with a 
significant saving in cost of construction. 
2. (Ochepo, 2013)Studied the effect of compactive effort and elapse time on the 
strength of lime-bagasse ash stabilized expansive clay from Gombe, Nigeria. The 
experimental study involved unconfined compressive strength. The following 
conclusions are drawn from the study: 
• The results obtained indicate that UCS values increase with lime and bagasse ash 
treatment, curing periods. 
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CHAPTER THREE 
3.1 RESEARCH METHODOLOGY 
In order to achieve the above objectives of the study the following methodologies were 
adopted: 
i) Observation: constructions on expansive soil may lead to failure of the 
structure due to the high shrinkage and swelling potential of the expansive 
soil. As a result the soil the soil must be replaced or treated. Replacing the 
weak soil with the good one will not be economical. Currently the 
conventional stabilizing agents commonly used are lime and cement, which 
are also very expansive due to the high cost in energy. Therefore, applying 
alternative soil stabilizing techniques using locally available agricultural waste 
products with the conventional stabilizers will be environmental friendly and 
cost efficient. 
ii) Literature survey: different types of literatures; such as text books, academic 
journals and research papers pertaining to expansive soil, and different soil 
stabilization techniques will be reviewed. 
iii) Reviewing Sampling and testing methods that are going to be employed are 
critical, since they are required to characterize material and physical 
properties of the soil that can potentially affect the performance of the 
construction. 
iv) Analysis and discussion of test results of those papers: based on the theories 
and laboratory tests performed, the results obtained have been analyzed and 
discussed thoroughly. 
v) Formulation of conclusions and comparison based on the results obtained. 
3.2 LABORATORY RESULTS 
Effect of bagasse ash on Atterberg limits 
The effect of bagasse ash on the plasticity index of the soil is shown in Figure 3.1for both 
uncured and 7 days cured soil samples. As shown in the figure plasticity index generally 
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decreased with increment in bagasse ash content. However, the decrease in plasticity 
index between cured and uncured samples is insignificant. As seen from the graph, the 
addition of  bagasse ash decreases the plasticity index of the expansive soil. The decrease 
is observed to be more with the increase in the quantities of bagasse ash up to 25% and 
then the trend of decrease is nominal with further increase in the percentages of bagasse 
ash. 
In general, the plasticity of the soil is decreased by the addition of bagasse ash content. 
This is clearly shown by the fact that plasticity index of treated soil decreased with 
increasing additive quantity. These effects are due to the partial replacement of plastic 
soil particles with bagasse ash which is non-plastic material and flocculation and 
agglomeration of clay particles caused by cation exchange may be the other cause. 
 
Figure 3- 1:Variation of plasticity index with addition of different bagasse ash 
contents. 
Effect of molasses on Atterberg limits 
The effect of molasses addition in varying proportion with soil was studied and the 
variation in consistency limits for various mixes is presented in Table 3.1 and Figure 3.2. 
Soil was treated with various contents of molasses from 4% to 12% molasses content by 
4% increment and cure for 14 days.  
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The liquid limit (LL) of untreated soil was determined as 89%, whereas it varied from 
67% to 72% after molasses was added. The LL of the soil decreased with increase in 
molasses content up to 8% after that it increased with increasing in molasses content. 
Table 3- 1:Atterberg limit values for soils treated with molasses 
Limits 
4% Molasses 
Average 
Test #1 Test #2 Test #3 
LL 69 63 68 66.67 
PL 38 33 39 36.67 
PI 31 30 29 30 
Limits 8% Molasses Average 
Test #1 Test #2 Test #3 
LL 60 69 64 64.33 
PL 32 40 37 36.33 
PI 28 29 27 28 
Limits 12% Molasses Average 
Test #1 Test #2 Test #3 
LL 73 72 72 72.3 
PL 39 38 40 39 
PI 34 34 32 33.33 
 
 
Figure 3- 2:Effect of addition of molasses on Atterberg’s Limit for Soils 
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Effect of bagasse ash on compaction characteristics 
Maximum Dry Density 
The effect of bagasse ash on the maximum dry density of the expansive soil is shown in 
Figure 3.3 for uncured and 7 days cured soil sample. As shown in the figure, maximum 
dry density decreases from 1.26g/cm3 to 0.999g/cm3 for uncured and to 0.918g/cm3
 
 for 7 
days cured soil samples with increased bagasse ash content from 0% to 30%. 
Figure 3- 3:Variation of MDD with application of different bagasse ash contents 
The decrease in the maximum dry density is mainly due to;  
• The partial replacement of comparatively heavy soils with the light weight bagasse ash;  
• Comparatively low specific gravity value (1.95) of bagasse ash than that of replaced soil 
(2.79);  
• It may also be attributed to coating of the soil by the bagasse ash which result to large 
particles with larger voids and hence less density. 
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The effect of bagasse ash on the optimum moisture content for the soil bagasse ash 
mixtures are shown in figure 3.4 the optimum moisture content increases from 32.24% to 
51.12% for uncured and 32.24% to 53.78% for 7 days cured soil samples with increased 
bagasse ash content from 0%to 30%. 
 
Figure 3- 4:Variation of OMC with application of different bagasse ash contents 
The increase in the optimum moisture content was mainly due to; 
• The optimum moisture content of soil increases with an increase bagasse ash, 
because bagasse ash is finer than the soil. The more fines the more surface area, 
so more water is required to provide well lubrication. 
• The bagasse ash forms coarser materials, which occupy larger spaces for re water. 
• The increase of water content may also be attributed by the pozzolanic reaction of 
bagasse ash with the soil. 
• The increase in OMC due to addition of bagasse ash caused by the absorption of 
water by bagasse ash. This implies that more water is needed in order to compact 
the soil with bagasse mixture. So bagasse ash effectively dries wet soils and 
provides an initial rapid strength gain, which is useful during construction in wet, 
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unstable ground conditions. In general it can be utilized in improving the 
workability of wet soils. 
• Or it could be influenced by the morphology of the bagasse ash particles surface 
and their great affinity for absorbing water, a characteristic which was 
subjectively noticed during the testing program. 
The summaries of compaction curves shown in Figures 3.5 and 3.6 for uncured 
and 7 days cured samples respectively: treating soil with bagasse ash give the bell 
shaped curves for both cured and uncured samples respectively. These curves 
shifted to the right with respect to untreated soil sample, which also means 
addition of bagasse ash decreased the maximum dry density and increased the 
optimum moisture content. The decrease in maximum dry density and increase 
corresponding optimum moisture content of all treated soils is related to the 
additive quantities. 
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Figure 3- 5:Summary of compaction curves with application of different bagasse ash 
contents for uncured samples 
 
Figure 3- 6:Summary of compaction curves with application of different bagasse ash 
contents for 7 days cured samples 
Compaction Characteristics of Soils stabilized by Molasses 
Sample soils treated with molasses gave the typical bell shaped curve for moisture 
density relationship characteristics with MDD values of 1.52gm/cm3, 1.55gm/cm3 and 
1.52gm/cm3 for 4%, 8% and 12% molasses content by dry weight respectively, see 
Figure3.7. Theses curves shifted to the left with respect to untreated soil samples which 
means the addition of molasses increased MDD values while reducing OMC. This result 
is in harmony with the findings of Shirsavkar and Koranne (2010). 
Review on Soil Stabilization using Bagasse Ash with lime and Molasses 
with cement 2018 
 
50 
 
 
Figure 3- 7: Compactions curve for stabilized soil with molasses 
The maximum change in MDD and OMC values were observed to be +0.05% and -
2.85%ofsoil treated by 8% and 12% molasses respectively. Furthermore, it is observed 
that with the increase in molasses content MDD values increases up to 8% molasses 
content and with further increase in molasses content the MDD decreases. 
The increase in density may be associated to as molasses is positively charged and easily 
attracted to the surface of clay mineral particles as they were negatively charged the 
attraction of molasses to soil particles was enhanced by its adhesive properties and bound 
soil particles. Suriadi et al, (2002) observed that addition of cane molasses to clay soil 
reduced the clay content. Furthermore, the increased size of clay particles turned the fine 
soil to a coarse soil which may be attributed to decreased OMC. 
Effect of Bagasse Ash on CBR and CBR-Swell 
The effect of bagasse ash on the CBR values of the soil bagasse ash mixtures are shown 
in Figure 3.8. When treating the expansive soil at 30% bagasse ash content the uncured 
soil bagasse sample gives a peak CBR value of 2.91% while that of 7 days cured CBR 
value is 2.94% from a value of 0.91% for the natural soil. The CBR of the expansive soil 
increased with all higher bagasse ash contents but the increment is insignificant. The 
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optimum CBR value of soil treated with bagasse ash is almost 220% and 223% higher 
than the untreated soil sample for uncured and 7 days cured samples respectively. This 
shows that the load bearing capacity of the sample increased insignificantly with bagasse 
ash treatment and also curing has almost no effect on the CBR values. Hence, the bagasse 
ash treated black cotton soil do not meet the minimum criteria as specified by Ethiopian 
Roads Authority pavement design manual (2002) specification for materials suitable for 
use as sub grade material of not less than 3% CBR determined at MDD and OMC, the 
bagasse ash could be used in admixture stabilization with a more potent stabilizers, such 
as cement and lime, in order to reduce the cost of stabilization. 
 
Figure 3- 8:Variation of soaked CBR with application of different bagasse ash 
contents 
The reason for this improvement is due to the pozzolanic reactions of bagasse ash with 
soil. This results in agglomeration of clay particles and causes the increase in strength 
gain. The reason for the slight increases in strengths could be due to inadequate amounts 
of calcium required for the formation of CSH which is the major element for strength 
gain. 
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The effect of bagasse ash on the CBR-swell for the soil bagasse ash mixtures are shown 
in Figure 3.9 for both uncured and 7 days cured samples. When treating the expansive 
soil at 30% bagasse ash content the unsecured soil-bagasse sample gives CBR-swell of 
3.05% while that of 7 days cured CBR-swell is 2.63% from a value of 11.83% for the 
natural soil. The CBR-swell of the expansive soil decreased with all higher bagasse ash 
contents. This shows that the swelling potential of the sample decreased with bagasse ash 
stabilization. 
 
Figure 3- 9:Variation of soaked CBR-swell with application of different bagasse ash 
contents 
Bagasse ash decreases CBR-swell of expansive soil. This is due to cation exchange and 
flocculation and agglomeration of the soil particles. This is also due to replacement of 
some of the volume that is previously occupied by expansive clay minerals by bagasse 
ash. 
Effect of Molasses on CBR and CBR-Swell 
This section presents the CBR values determined for sample soils used in the 
experimental work. CBR tests were conducted on the untreated soil samples as well as 
treated/stabilized soils by molasses, cement and cement and molasses. The tests were 
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conducted by varying stabilizers contents up to 12% and by applying different soaking 
periods and curing methods and the results are presented in Figure 3.10 comparison of 
CBR values obtained by the three stabilizers and the untreated sample soils. 
CBR results obtained from all the samples treated by molasses cure for 14 days and 
soaked afterwards for four days by 4.5 kg surcharge load are summarized in Table 3.2. 
Table 3- 2: Soaked CBR values for Soils treated with Molasses 
Molasses % Test # 1 Test # 2 Average CBR value 
4 8.0 8.0 8.0 
8 11.0 9.5 10.3 
12 8.5 7.5 8.0 
Soil treated with molasses using the optimum moisture content of the compaction test 
results showed considerable improvement in strength when compared to untreated soil 
sample and CBR values for the two tests are given in Table 3.2. A peak CBR value of 
10.3 % was recorded for 8% treatment of the soil from a value of 1.3 % for natural soil. 
Results presented in Figure 3.10 show that the CBR of treated soil increases up to 8% 
molasses content then decreases with increasing molasses content. The highest CBR was 
observed at about 8 % molasses content. These results are in general agreement with 
Ndegwa (2011). 
 
Figure 3- 10: Variation of Soaked CBR values of Expansive soils with various 
proportions of molasses and cure for 14 days 
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The increase in CBR values of molasses treated soils is attributed to cation exchange 
reaction and flocculation and agglomeration effect. When molasses were intimately 
mixed with the sample clay soil, the pH of the soil was reduced from 8.66 to 7.88. The 
pH of the molasses, which was used in the test, was 5.5. Honddinott and Lamb (1990) 
cited in Ndegwa (2011) explained that a decrease in pH of soil was due to calcium and 
magnesium cation from cane molasses supplementing those already attached to clay and 
then replacing the weaker monovalent sodium ions at the surface of the clay particles. 
Ndegwa (2011) stated that molasses played a role in enhancement of flocculation and soil 
aggregate stability due to electrostatic attraction between aggregated soil particles which 
enhanced by adhesivity of molasses. That led to the formation of a strong cementing 
bond between soil particles caused by cane molasses which increased resistance to 
penetration during the CBR test.  
The reduction of CBR values with increasing molasses content beyond a certain limit can 
also be attributed to coating of individual soil grains with molasses. As molasses coated 
the soil grains, its thickness around each grain increased with increase of molasses 
content in the soil and led to increase in the distances between individual soil grains 
(Ndegwa, 2011). Beyond certain molasses content in the soil the distances between 
individual grains reaches an extent that electrostatic attraction forces which keep the soil 
particles together due to relatively short distances between them become ineffective. The 
bond caused by adhesivity of molasses, then act alone, but it is not strong enough to offer 
high resistance due to deformation caused by the load applied to the compacted soil 
during CBR penetration (Ndegwa, 2011).  
The recorded peak CBR value of 10.3% for 8% molasses which were cure for 14 days 
and soaked for four days marginally satisfied stabilized sub-grade requirement of an 
increase of the CBR to a minimum of 10 (after 7 days cure) and with corresponding 
improvement of the subgrade strength class. After stabilization, the sub-grade soil class 
was improved from S1 to S3 according to ERA design manual classification (ERA, 
2013). 
Effect of Molasses on UCS Values 
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Results of UCS tests performed on remolded, untreated, specimens and remolded 
specimen treated with different molasses contents and curing periods are summarized in 
Table 3.3. The UCS values of molasses stabilized soil found to increase in molasses 
content up to 8.0% and then after it decreases. 
Table 3- 3: Summary of UCS values of Untreated and Molasses Treated Specimens 
Tests Stablizer Percent Unconfined Compressive Strength in kN/m Remark 2 
Test #1 
Native Soil 
141 
14 days Curing Test #2 138.8 
Test #3 135.8 
Test #1 
4 % Molasses 140.3 
14 days Curing 8 % Molasses 138.5 
12 % Molasses 120.3 
Test #2 
4 % Molasses 138.3 
14 days Curing 8 % Molasses 191.8 
12 % Molasses 140.9 
Test #3 
4 % Molasses 199.9 
14 days Curing 8 % Molasses 260.2 
12 % Molasses 140.9 
Test #1 
4 % Molasses 199.3 
64 days Curing 8 % Molasses 254.4 
12 % Molasses 187.2 
Peak failure stress of treated specimens with 4%, 8% and 12% molasses and cure for 14 
days yielded average stress of 159.50 KN/M2, 196.83 KN/M2 and 134.03 KN/M2 
respectively. In addition to these, peak stress of failure on treated specimens with the 
same molasses content as stated above and cure for 64 days showed improved strength 
with curing time irrespective of molasses content. Peak failure of stress of treated 
specimens as a function of time are plotted and shown in Figure 3.11. 
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Figure 3- 11: Peak Failure Stresses as a Function of Curing Time. 
The addition of molasses enhances the strength of the untreated soils; while at the same 
time the soil improves its durability nature or cohesive nature and become more ductile as 
the axial strain increased considerably with increase in molasses content. Failure strains 
of the untreated specimen averaged about 3.67 percent, while the treated specimen cure 
14 days ranged from 3.88% to 4.31%. Even higher strains for treated specimen and cure 
for 64 days yielded extended from 4.09% to 8.62%. Typical stress-strain curves of soil 
specimens with different molasses content as presented in Figure 3.12 through 3.13 
clearly indicated that the stress-strain curves shift towards the right hand side as the strain 
at failure increased with addition of stabilizers; hence, molasses makes the soil more 
ductile than untreated/un-stabilized soils. Additionally, the failure mode of the treated 
material exhibited a plastic type of failure mode as shown below. 
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Figure 3- 12: Stress-Strain relation for Molasses treated soils and Cure for 14 Days 
 
Figure 3- 13: Stress-Strain relation for Molasses treated soils and Cure for 64 Days 
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Figure 3- 14: Stress-Strain relation for Untreated Soils and Molasses treated soils of 
Different Curing Days 
The increase in UCS values of molasses treated soils may be attributed to cation 
exchange reaction and flocculation and agglomeration effect and the reduction of UCS 
values with increasing molasses content beyond a certain limit can also be attributed to 
coating of individual soil grains with molasses. The strength of 254.4 KN/M2 at 64 days 
showed that the strength development of molasses treated soil is a slow process and it can 
be concluded that curing has a little effect on the strength of expansive clay soil treated 
with cane molasses. 
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CHAPTER FOUR 
CONCLUSION AND COMPARISON OF SUGAR CANE MOLASSES & SUGAR 
CANE BAGASSE ASH STABILIZING TECHNIQUES 
4.1 CONCLUSIONS ON SUGAR CANE MOLASSES STABILIZING TECHNIQUE 
 The laboratory test results of the sample sugar cane molasses test showed that it 
contained a small quantity of inorganic elements or compounds which are active 
in causing a chemical reaction involving cation exchange with the expansive clay 
soil during stabilization. 
 Soil treated with 8% molasses gave CBR & CBR swell value of 10.4% & 2.3% 
where the native soil has 1.3% & 9.81% values respectively.  
 Molasses easily washed by water and soil particles that were flocculated and 
agglomerated due to an adhesive property of molasses got disintegrated, which 
resulted losses in strength and decrease in clay particle size reduction. 
 Soil treated with cement by 4%, 8% & 12% by dry weight of the soil showed 
significant improvement in strength efficiently minimized swelling property of 
the native soil. Generally it was observed that with increasing cement content, 
strength improved & swelling potential decreased. Even though, addition of 
cement reduced plasticity index and linear shrinkage values. Shrinkage cracks 
were observed at all the three stabilizers contents. 
 Soil treaded with cement and molasses combination gave a significant 
improvement in strength and meaningfully reduced swelling property of the 
expansive soil. Cement and molasses combination were effective in arresting 
linear shrinkage & eliminated shrinkage cracks that were observed in soil treated 
with cement alone. 
 Soil treated with 4% & 12% cement yielded a CBR value of 27.3% and 123% 
respectively.  
 Soil treated with 4% cement + 4% molasses and 12% cement + 4% molasses give 
a CBR value of 63.5% and 127.5% respectively. 
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 Soil treated with cement and molasses combination showed higher strength values 
when cement and molasses contents are equal at 1:1 ratio. 
 Soil treated with molasses has plastic nature while soil treated with cement has 
brittle nature. Addition of molasses to cement reduced brittle nature of the soil. 
4.2 CONCLUSIONS ON SUGAR CANE BAGASSE ASH STABILIZING 
TECHNIQUE 
 The plasticity index slightly reduced with increased in bagasse ash content and 
curing has also an insignificant effect on the plasticity of the expansive soil. 
 The OMC increased while the maximum dry density values decreased with 
increment of bagasse ash content. 
 Free swell, free swell index & free swell ratios of the stabilized samples decreased 
with increasing bagasse ash content. 
 CBR values slightly increased with the addition of bagasse ash. The change in 
CBR value is insignificant for both cured & uncured samples. Addition of bagasse 
ash alone does not improve the strength of soils due to presence of only reactive 
silica with low amount of calcium content in bagasse ash. 
 The addition of lime and bagasse ash together led to a more decrease of the 
maximum dry density & increase in OMC compared to the addition of lime & 
bagasse ash separately. 
 The addition of bagasse ash in combination with lime improved the CBR value. 
The improvement is more significant when the sample is cured. Hence, 
combination of bagasse ash and lime can strongly improve the strength of the 
expansive soil. 
 Bagasse ash stabilized expansive soil does not bring significant change for use in 
a sub grade material. Bagasse ash is not an effective stand-alone stabilizer. 
However, bagasse ash in combination with lime can effectively stabilize 
expansive soils and can be used as a good sub grade material. 
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4.3 COMPARISON BETWEEN BAGASSE ASH & SUGAR CANE MOLASSES 
From the results and discussion carried on soil stabilization with molasses and with 
bagasse ash experimental papers the following comparison were made: 
Origin of stabilizing materials 
Both experiments were made by sugar cane product of  Wonji sugar factory. Composition 
of molasses and bagasse ash will not influence both experiments since the soil where the 
sugar cane grown is the same. 
Mode of mixing 
 Both expansive soil stabilization techniques used manual mode of mixing, which is easy 
& no need of using expensive machineries. Therefore those experiments are easily 
applicable.    
Setting time effect 
When sugar cane molasses with cement is used for soil stabilization shows rapid setting 
time and active result in creating strong bond after compaction. This action of molasses 
comes from earlier stages of sugar processing, during sugar processing some materials 
are added into the process as clarification agents and evaporator decadents. Among those 
materials lime & sulphur dioxide are included. 
When bagasse ash combined with lime will reduce the setting time of the reaction, but 
this is depends on the amount of lime added. 
CBR value 
From the laboratory result gained CBR increment in % from the mixture with molasses is 
12% and from the mixture with bagasse ash is 30%.In other ways the CBR increase 
obtained from the molasses mixture is 10.3 and the CBR increase from the bagasse 
mixture is 2.94. Thus, using molasses as a soil stabilizer is preferred.  
Unconfined Compressive Strength value 
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The UCS test is carried on soil-molasses, soil-cement and soil-cement-molasses samples 
to determine the suitability of the stabilization technique for sub grade material. The 
addition of molasses improves the peak failure stresses of the native soil. 
Atterberg Limit Test 
On the atterberg limit experimental result of molasses with expansive soil, liquid limit & 
Plasticity index values decreased from the native soil but Plastic limit showed 
improvement. The decrease in liquid limit is due to adhesive property of the molasses. 
The adhesive property of molasses comes from hydrogen bonds attributed hydroxyl 
group found in sucrose of molasses. 
On the other experiment carried on the expansive soil with bagasse ash only a slight 
decrease of plasticity index is observed. Therefore the result obtained on the experiment 
of expansive soil with molasses give a good result.  
Cost 
On both experimental analysis of sugar cane bagasse ash and sugar cane molasses I see 
that those stabilizing materials alone are not efficient for stabilizing sub grade materials 
due to their poor chemical reaction bondage with the expansive soil. Therefore a small 
amount of lime and cement respectively is added to enhance their property. On molasses 
with cement experiment 4% molasses + 4% cement satisfied all specification 
requirements for stabilizing sub grade soil. On the other experiment carried 3% lime + 
15% bagasse ash trial is best preferred for improving expansive soil sub grade. Regarding 
the cost of cement and lime, cement price is almost double of the lime price. On the 
contrary bagasse ash volume is three times molasses volume used in the experiments. 
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